Objective: To examine the effect of adjuvant radiotherapy on regional control of melanoma neck node metastasis.
in the SϩRT group and 46% in the S group. This 28% difference in RR was not statistically significant (P=.16). However, evaluation of the effect of adjuvant RT in multivariate analysis revealed a significant reduction of the RR rate after correction for the number of involved nodes (P=.04). In the S group, SND was associated with a trend toward worse RR rate compared with MRND but was not statistically significant in univariate analysis (P=.08). The type of neck dissection did not influence the RR rate in the SϩRT group (P =.60). Three of the 4 RRs occurred outside the dissected volume after SND in the S group.
Conclusions: Based on our findings, we conclude that, compared with extended neck dissection, SND leads to inferior regional control in patients with melanoma neck node metastasis who are not treated with RT, even those with low-risk neck disease. Furthermore, our results suggest that adjuvant RT improves regional control in patients with 2 or more involved nodes. Surg. 2009; 135(8) : [795] [796] [797] [798] [799] [800] S KIN MELANOMA THICKNESS and ulceration are the dominant predictors of survival in patients with localized melanoma (stages I and II); however, in patients with stage III disease, the number of metastatic lymph nodes and the tumor burden are most important. 1 Patients with cutaneous melanomas of the head and neck region have an average risk of 20% of developing neck node metastasis. 2 This risk is correlated with the Breslow thickness of the primary melanoma and is less than 5% for lesions 0.75 mm or smaller, 10% for lesions 0.76 to 1.50 mm, 20% for lesions 1.51 to 4.0 mm, and 30% to 50% for lesions larger than 4.0 mm.
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2 Patients with metastatic nodes that were detected by palpation have worse survival rates than patients whose nodal metastases were first detected by sentinel node (SN) excision of clinically occult or microscopic node metastases. 1 When nodal disease is present, either a selective neck dissection (SND) or a modified radical neck dissection (MRND) can be performed. Regional recurrences (RRs) after surgical treatment of cervical node metastasis from head and neck melanoma range from 14% to 57%. 3 Several poor prognostic factors for RR have been identified. Bastiaannet et al 4 performed a review of the literature and found that almost all studies mentioned extranodal extension and multiple involved nodes (defined as 3 or more involved nodes). 4 In a retrospective analysis of 338 patients who were undergoing complete neck dissection for melanoma with pathologically involved nodes, the 10-year risk of RR increased from 23% to 63% with the presence of extracapsular extension (ECE). 5 Similarly, the number of involved nodes were also predictive of regional failure, with 25%, 46%, and 63% failure rates at 10 years for involvement of 1 through 3 nodes, 4 through 10 nodes, and more than 10 nodes, respectively. 5 Other risk factors were the presence of a large involved node (Ͼ3 cm) , a tumor spill at time of surgery, and recurrence. 4 Postoperative radiotherapy (RT) should be considered for patients with these characteristics. Combined modality therapy with surgery and RT in high-risk patients consistently lowers the RR rates to 7% to 14% but does not affect overall survival. 3 An RR can be a psychological and physical burden, often with limited treatment options. Therefore, preventing an RR can improve quality of life, even if it does not increase long-term survival.
In our study, we reviewed 64 cases of cutaneous melanoma neck node metastasis to analyze the ipsilateral RR rate in low-risk patients after surgery alone and in highrisk patients after surgery and postoperative RT. The influence of the type of neck dissection was evaluated in detail.
METHODS
Sixty-four patients with newly diagnosed melanoma neck node metastasis who had been treated between 1989 and 2004 in the Netherlands Cancer Institute, Amsterdam, were retrospectively analyzed. The treatment characteristics are summarized in Table 1 . All patients had pathologically proved melanoma neck node metastasis before a neck dissection was performed either by SN (16%) or by fine-needle aspiration of clinically suspect nodes on palpation or ultrasound (84%). Twenty-four patients were treated with surgery only (S group) and 40 patients underwent combined therapy with surgery and adjuvant RT (SϩRT group) of the entire ipsilateral neck.
Surgery consisted of MRND (lymph node levels I-V) or SND (lymph node levels I-III, II-V, or IV-V) depending on the location of the primary tumor. Another consideration was the number of involved neck nodes (eg, MRND was performed in cases involving multiple nodes). Criteria for adjuvant RT were ECE, nodes larger than 3 cm in diameter,or the presence of 2 or more positive nodes (before 1992, Ն3 positive nodes; the change in policy was based on our own experience and a publication from the University of Texas M. D. Anderson Cancer Center 6 ). Radiotherapy was delivered in fractions of 6 Gy once a week for 4 to 6 weeks, to a total dose of 24 to 36 Gy. It was started between 3 and 9 weeks after surgery (average, 38 days) and delivered with a 3-dimensional conformal or intensitymodulated RT technique. The primary end point was ipsilateral RR, which was scored as a recurrence on the ipsilateral side of the neck; it was noted whether the recurrence was located inside or outside the surgically treated neck levels. Secondary end points were local control, contralateral regional control, disease-free survival (DFS), and overall survival (OS).
Recurrence and survival were calculated from the time of lymph node dissection. Patients were censored at time of death or last follow-up. Survival curves were constructed using the Kaplan-Meier method. Cox univariate proportional hazards regression analysis was performed to establish factors that were associated with regional control, DFS, and OS. Patient-, tumor-, and treatment-related factors included age, sex, primary location, Breslow thickness, Clark level, histopathologic type, interval between primary tumor and neck node metastasis, type of neck dissection, SN, parotidectomy, RT, number of nodes, nodal diameter, and ECE. The log-rank test was used for comparison between groups; PϽ.05 was considered significant. To evaluate whether adjuvant RT was a significant predictor of regional control after adjustment for other factors, multivariate analysis was performed. Because of the small population, we added age and known prognostic factors (number of positive nodes, size of positive nodes, and presence of ECE), 1 at a time, to a model with adjuvant RT to see whether the hazard ratio (HR) remained the same (ie, within approximately 10% of its univariate value), indicating that the effect found at univariate analysis is a true effect. Abbreviations: MRND, modified radical neck dissection; S, surgery only; SND, selective neck dissection; SϩRT, surgery plus radiotherapy.
RESULTS

PATIENT, TUMOR, AND TREATMENT CHARACTERISTICS
The patient, tumor, and treatment characteristics are summarized in Table 1 . The median follow-up was 2.5 years.
All primary tumors were located in the head or neck area, with the occipital region and the cheek being the most common sites in both groups. The mean Breslow thickness was 4.3 mm in the SϩRT group and 3.3 mm in the S group. All patients underwent neck dissection as primary treatment, either MRND (28 of the patients [70%] in the SϩRT group and 15 of the patients [63%] in the S group, respectively) or SND. A posterolateral dissection (levels II-V) and a supraomohyoidal dissection (levels I-III) were almost equally distributed: both were performed in 6 of the patients (15%) in the SϩRT group and 4 of the patients (16%) in the S group. Also, 1 patient in the S group underwent SND of levels IV and V. The prognostic factors were worse in the SϩRT group than in the S group ( 
IPSILATERAL REGIONAL CONTROL
The 2-year ipsilateral RR rate was 18% in the SϩRT group and 46% in the S group (Figure 1) . The 28% difference in regional control in favor of the combined modality group was not statistically significant (P = .16) but was present despite worse prognostic factors in this group.
LOCAL CONTROL, CONTRALATERAL REGIONAL CONTROL, DFS, AND OS
Local recurrence and contralateral RR were not significantly different between the 2 groups (involving 5 and 3 patients, respectively, in the SϩRT group [P = .80] and 4 and 2 patients, respectively, in the S group [P=.80]). Disease-free survival and OS were worse in the combined modality group (the 2-year DFS was 18% in the SϩRT group and 29% in the S group [P =.30, Figure 2] ). The combined modality group was associated with a trend toward worse OS but was not statistically significant [the 2-year OS was 26% in the SϩRT group and 58% in the S group [P =.07, Figure 3] ).
UNIVARIATE ANALYSIS
The main results of the univariate Cox regression for the end points of ipsilateral RR and failure (local, regional, metastasis, or death) are given in Table 2 . Age was the only factor that significantly influenced the risk of RR; the HR was 1.04 (95% confidence interval [CI], 1.01-1.07; P=.02) for each year older. Adding adjuvant RT resulted in an HR of 0.5 for the RR rate, although this effect was not statistically significant (P=17). The stability of this HR was further investigated in a multivariate analysis. The influence of the type of neck dissection was evaluated in the 2 groups (S and SϩRT). In the S group, SND was associated with a trend toward a worse RR rate compared with MRND but was not statistically significant in univariate analysis (P=.08). The type of neck dissection did not influence the RR rate in the S ϩ RT group (P = .60, Figure 4 ). In the S group, 4 of 9 patients had an RR after SND and 4 of 15 patients had an RR after MRND. Three of the 4 RRs occurred outside the dissected volume after SND in the S group ( Table 3) . The 3 patients involved all underwent SND (2 patients, levels I-III; 1 patient, levels IV-V) for a single positive node, and all 3 developed an ipsilateral recurrence at another level. There were no recurrences in level I after SND of levels II through V for a posteriorly located melanoma. In the SϩRT group, 1 of 12 patients had an RR after SND and 5 of 28 patients had an RR after MRND; all RRs occurred inside dissected levels ( Table 2) .
The DFS and the OS were influenced by the number of positive nodes (OS: HR, 1.19; 95% CI, 1.08-1.31; P =.001). A Breslow thickness extending beyond 4 mm was associated with a trend toward increased failure; however, it did not correlate significantly with OS (HR, 1.6; 95% CI, 0.90-2.90; P=.14).
MULTIVARIATE ANALYSIS
To evaluate whether adjuvant RT was a predictor for RR after correction for other factors, a multivariate analysis was performed (as mentioned in the "Methods" section, the multivariate analysis was limited because of the small patient group). We included adjuvant RT and 1 other factor at a time. The factors analyzed were age and known prognostic factors for ipsilateral regional control (the number of positive nodes, the size of positive nodes, and the presence of ECE). The HR of 0.5 (the effect of adjuvant RT on the RR rate) found in univariate analysis did not increase after correction for these factors. After correc- Abbreviations: CI, confidence interval; ECE, extracapsular extension; HR, hazard ratio; MRND, modified radical neck dissection; SND, selective neck dissection. tion for 2 or more involved nodes, the resulting HR of 0.3 for ipsilateral RR was significant (95% CI, 0.10-0.97; P=.04).
COMMENT
If clinically enlarged melanoma neck node metastasis is present, the likelihood of additional disease in the remaining lymph nodes is 42% to 66%, 7 thus indicating the need for treatment. Even in patients with melanoma neck node metastasis that has been diagnosed with an SN, the likelihood of additional disease in the ipsilateral neck is 12% to 42%. 7 Whether a neck dissection in these patients is always indicated is investigated in the second Multicenter Selective Lymphadenectomy Trial.
The efficacy of postoperative RT after nodal surgery for melanoma is still unclear. Several reviews have been published, but they are mainly based on retrospective series owing to a lack of prospective randomized studies. 3, 4 The chance of RRs occurring after surgical treatment of cervical node metastasis is considerable, with percentages ranging from 14% to 57%. With adjuvant RT, the RR rates are lowered to 7% to 14%, without affecting survival. 3 Improved regional control rates are particularly indicated in patients with ECE, multiple involved nodes (Ͼ3), and large involved nodes (Ͼ3 cm). 4 The complications of adjuvant RT (mainly late fibrosis and edema) are manageable. 4 A prospective randomized trial of observation vs postoperative RT after nodal surgery for melanoma is ongoing to further define the role of postoperative RT (Trans Tasman Radiation Oncology Group and Australian and New Zealand Melanoma Trials Group).
The primary end point in the current retrospective analysis was ipsilateral RR. In agreement with the literature, adding postoperative RT reduced the RR rate, although worse prognostic factors were present in the SϩRT group. However, the 28% difference in RR rate after 2 years in favor of the combined modality group was not significant (P= .16). Further analysis of the addition of RT on RR in multivariate analysis revealed a significant effect in patients with 2 or more involved nodes (P=.04). As expected, OS was worse in the SϩRT group.
The extent of neck dissection influenced the RR rate in the S group. Compared with patients who underwent an extended neck dissection, patients treated with SND without RT had inferior regional control, with a substantial risk of recurrence in untreated levels. Regional recurrences outside the levels that were operated on were observed in 3 patients in our study. All 3 patients had low-risk neck disease, with 1 involved lymph node without ECE, at the time of lymph node dissection. In contrast, the extent of surgery had no influence on RR in the SϩRT group; in this group, no RRs were found outside the levels that were surgically treated.
One explanation for the inferior regional control after SND without RT is that there is a wide variation in the lymphatic drainage pattern of cutaneous head and neck melanoma. With increased use of SN biopsy, more information becomes available on the lymphatic drainage patterns of head and neck cutaneous melanoma. Detection of SNs is reported to be successful in 75% to 96% of procedures in studies using blue dye and/or radioisotopes. In the head and neck area, multiple SNs are frequently found (average, 1-4 reported in the literature). Many patients have SNs that are located in multiple nodal fields, in nonadjacent nodal fields, or in sites not clinically predicted (discordant sites). [8] [9] [10] [11] de Wilt 10 investigated the correlation between preoperative lymphoscintigraphy and metastatic nodal disease sites in 362 patients with cutaneous melanoma of the head and neck. Sentinel nodes were demonstrated in discordant fields in 31.5% of patients (n=114). Lymph node metastases were found in discordant fields in 13.7% of patients (n=7) who developed lymph node metastasis; all of the lymph node metastases were ipsilateral.
The lymphatic drainage pattern in patients with macroscopic involved nodes was studied by Pathak et al. 12 They analyzed a group of 169 patients with pathologically proved metastatic melanoma after neck dissection (141 therapeutic neck dissections and 28 elective neck dissections) and correlated the anatomical distribution of involved nodes with the primary melanoma sites. They concluded that head and neck skin melanomas metastasized to clinically predicted nodal groups in 92% of patients. 
